Most effective cationic activator for MBI-Me2 was N,N-dimethylanilinium tetra(pentafluoropheny1)borate [11] in combination with Al(i-Bu3). Using tris(pentafluoropheny1)borane [I] at different polymerization conditions or N,N-dimethylanilinium tetra(pentafluoropheny1)borate [11] in combination with Al(Et)3 no propene polymerization was observed due to the occurrence of reduction of the catalytically active site.
Introduction
In 1994 the benzannelated zirconocene ruc-Me2Si(2-MeBenz[e]Ind)2ZrC12 (MBI) was discovered leading to highly active homogeneous Ziegler-Natta catalysts capable of producing isotactic polypropene with high molar masses and melting temperatures'.'). Uniform catalytically active sites produced polypropene polymers with narrow molar mass distribution and controlled stereo-and regio-regularities. Changes of propene concentration, temperature, [Al]/[Zr] ratios, addition of comonomer and hydrogen as well as heterogenization of the MBI catalyst on support materials with respect to the propene polymerization kinetic and polypropene polymers were recently i n~e s t i g a t e d~.~) .
Cationic metallocene polymerization catalysts using effective counter anion starting mostly from the dimethylmetallocenes were initially introduced by Jordan'). The interaction of the metallocene cation and counteranion was suggested to influence polymerization properties such as activity and stereospecifity of the metallocene6). Kaminsky found the Cp2ZrMe2/MA0 system at low catalyst concentration less active in ethylene polymerization with respect to the dichloride system7) and Fischer confirmed the higher activity in propene polymerization'). Therefore the effect of cationic activation reagent and metallocene precursor (dimethyl or dichloride) is still not well understood, because experimental difficulties strongly influence reproducibility of polymerization results due to the low stability of the cationic activated metallocene catalysts').
Objective of this work was to study the influences of different cationic activators such as methylaluminoxane (MAO), tris(pentafluoropheny1)borane [I] , N,N-dimethylanilinium tetra(pentafluoropheny1)borate [I13 or trityl tetra(pentafluoropheny1)borate [111] on polymerization activity and polymer properties, using alkylated dimethyl MBI-Me2 as a catalyst source. The role of alkylaluminium, used as a scavenger, in cationic propene polymerization was elucidated. The results of the propene polymerizations with MBI-Me2 were compared to M A 0 activated MBI-C12.
Experimental part
The zirconocene complexes were synthesized as described elsewhere'. lo). Tris(pentafluoropheny1)borane [I] 
Polymerization
Polymerization reactions were performed in a glass reactor rinsed with 150 mL of a 0.03 m o m Al(iBt~)~ solution in toluene prior to use. After evacuation of the glass reactor toluene was pumped in. If a scavenger was applied, it was syringed in before the system was saturated with propene. After complete saturation and thermal equilibration of the system the polymerizations were started by adding the prepared catalyst solutions to the reactor. In the case of the M A 0 activated polymerizations the catalysts were preacti-Tab. I. Propene polymerization of rac-MezSi(2-Me-Benz[e]Ind)2ZrXz at 40 "C and 2bar propene pressure using MA0 as activator Calculated to experimental data by BASF AG. ' ) Determined by GPC using polypropene standards. vated for 15 min and in the case of the cationic activated polymerizations the catalyst solutions were pumped in the reactor within 5 min. The total volume of the reaction mixtures were 100 mL at all polymerizations. Propene was continuously added by a mass-flow meter (F-11 lC, Bronkhorst, N1-7261 AK Ruurlo, Netherlands)"). The pressure of propene was kept constant during the polymerization and propene consumption was monitored. Typically, after 60 min the polymerization was quenched by adding 10 mL 2-propanol. The polypropene produced was precipitated in 300 mL methanol acidified with 10ml 10 wt.-% aq. HCl, filtered, washed and dried at 60 "C under vacuum.
Characterization
'H NMR polypropene spectra were recorded from solutions of 40 to 100 mg of polymer in 0.5 ml C2D2C14 at 400 K by a Bruker ARX 300 at 300 MHz; I3C NMR polypropene spectra at 75.4 MHz, with a 30" pulse angle, 2s delay and at least 5000 scans. The signals were referenced to the signal of the solvent (6 = 74.06 ppm). Size exclusion chromatographic (GPC, SEC) analyses and viscosity measurements of molar mass and molar mass distribution were performed at BASF AG. Melting temperatures were determined by means of differential scanning calorimetry (DSC) with a Perkin Elmer Series 7 from the heating curve at a heating rate of 20 Wmin after twice previous heating to 180°C with 20 Wmin and cooling to 50°C with 20 Wmin.
Results and discussion
Propene polymerization using MAO-activated MBI-C12 and MBI-Me2
Propene polymerization was performed in a reactor at 2bar propene pressure in toluene using M A 0 and cationic activated MBI-X2. Tab Poly(propene)s obtained with the MBI-Me2 and MBI-C12 catalyst showed no significant difference concerning melting points T,,, and isotacticity, as displayed in Tab. 1. For the investigation of effects on propene polymenzation and propene polymers obtained with cationic activated MBI-Me2 it must be considered the oxygen and moisture sensitivity of the system. Therefore we increased MBI-Me2 catalyst concentration significantly up to 100 or 200 pmoVL to reduce catalysts deactivation due to impuritiy effects (cf. Tab. 2). In fact, MBI-Me2 is the more acvtive catalyst precursor. Due to the high sensitivity of the MBI-Me2 catalyst, at low concentrations the MBI-Me2 catalysts seems to be less active. In contrast to results in literature at low catalyst concentration'.*) when using high catalyst concentrations the zirconocene dimethyl is more effective compared to the dichloride.
Propene polymerization using tris(pentaJuoropheny1)-borane [ I ] and N,N-dimethylanilinium tetra(pentaJuoropheny1)borate [II] activated MBI-Me2
The MBI-Me2 system was inactive for propene polymerization when using tris(pentafluoropheny1)borane [ The use of A1Et3 as a scavenger for the polymerizations (cf. run 9 and 10) did not succeed, no polypropene was obtained. Despite the fact that aluminiumtrialkyls are reported to be useful scavengers'), AlEt3 seems to reduce the activity of the MBI-Me2 catalyst drastically, when comparing propene polymerization with no scavenger with the polymerizations using A1Et3 (cf. run 9 and 10, Tab. 2). The enhanced reduction of the transition metal center with A1Et3 compared to A~(~-B u )~ possibly accounts for the observed deactivation beha~iour'~.'~). As shown for the side reaction of zirconocene dichloride with A1R3 by Sinn and Kaminsky et al.I5), this could be confirmed with 'H NMR investigations using Cp2ZrMez and AIR3.
When treating Cp2ZrMe2 with AlEt, (Zr : A1 = 1 : 2) no Cp2ZrMez could be detected in the NMR spectra. Adversely, when using Al(i-Buh about 75% of Cp2ZrMez remained unchanged (cf. Fig. 1 ). As displayed in Fig. 2 , in the case of the activated cationic species Cp2ZrMe(pMe)B(C6F5)36) A1R3 (with R = E t and i-Bu) showed the same influence with regard to stability of the zirconocene as Cp2ZrMe2. In similar 'H NMR experiments with MBIMe2 and cationic borane activated MBI-Me2 higher excesses of AlR3 were needed to destroy the zirconocene complexes. As in the Cp2ZrMe2 case AlEt3 was more effective in decomposing the zirconocenes than Al(i-B u )~.
By increasing the excess of borate to zirconium from 1.3 to 2.9 at constant MBI-Me2 concentration of 100 pmoV1 the activity was increased from 8300 g/(mol[Zr] -
Conclusions
Polypropene melting temperatures and isotacticities are independend of the catalyst source (MBI-Me2 or MBI-C1,) and the cocatalyst (MA0 or cationic activators I1 and 111). Only the tris(pentafluoropheny1)borane (I) did not succeed as an activating agent when using MBI-Me2 catalyst. The MBI-Me2 is more efficient for propene polymerization at high catalyst concentration compared to MBI-C12. For achieving same activities with the cationic activators (I1 and 111) compared to MA0 higher amount of catalyst is necessary. The use of Al(i-Bu)3 as a scavenger retained the catalytically active site as demonstrated by 'HNMR investigations. In contrast, AlEt3 is more an inhibitor than an activator and changes the active center. Therefore polymerization activity decreased drastically. The ratio of borate to zirconium influences polymerization activities, but polypropene microstructure and properties remained unchanged. As a result of NMR investigations conversion of the zirconocenedimethyl by a borate to a zirconocene cation showed a complete turnover at a slight excess of borate activator. A high excess of the borate on other zirconocene catalyst systems (e. g.
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lowers the polymerization activity by protonolysis of the second ZrMe-group"). With the steric demanding ligand of the MBI system such a compositional attack is not possible16) and the higher excess of the borate can help to reactivate dormant sites. In the case of the MBI system, the positive effect on the polymerization activity of a zirconocene excess can not be explained with the formation of binuclear cationic zircon~cenes'~), as the MBI systems are not able to form stable binuclear structures'0). The increase in activity might be explained by activation of the total zirconocene catalyst by second order activation processes. 
